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REMARKS 

Favorable reconsideration is respectfully requested in view of the foregoing amendments 
and the following remarks. 

L CLAIM STATUS & AMENDMENTS 

Claims 22, 23, 27-33 and 47-84 were pending in this application when last examined. 

Claims 66, 67 and 69-80 were examined on the merits and stand rejected. 

Claims 22, 23, 27-33, 47-65, 68 and 81-84 were withdrawn as non-elected subject matter. 

Support for the amendments to claims 66, 69, 70, 73, 77-79 and 82 can be found in the 
disclosure, for instance, in Example 6 on pages 98-102 and original claims 24-25, 34-35, 45, 47- 
48 and 58. 

Claim 69 (element 2) is amended to change "a" to "the" before "reference library" and 
"reference sample" to recite the proper antecedent basis for the terminology. 

New claim 85 has been added. Support for new claim 85 can be foxmd in the disclosure, 
for example, in Figure 6 on page 83, lines 16-30, page 84, lines 1-2; Example 5 on pages 96 to 97 
and page 98, lines 1-9. 

Claims 71-79 are amended to change their dependency from claim 70 to claim 69. 

No new matter has been added. 

Claims 67-68, 70 and 80-81 have been cancelled without prejudice or disclaimer thereto. 
Applicants reserve the right to file a continuation or divisional application on any cancelled 
subject matter. 

Claims 22, 23, 27-33, 47-66, 69, 71-79 and 82-85 are pending upon entry of this 
amendment. 

IL UNEXAMINED SUBJECT MATTER 

At the bottom of page 2 of the Action, it was indicated that claims 66, 67 and 69-80 
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encompass unelected inventions drawn to detecting sequences (i.e., methods of detecting 
unelected sequences of SEQ ID NOS: 12-19) other than elected SEQ ID NO: 1 1. It was 
indicated that the Office has not examined these imelected sequences. 

Applicants respectfully traverse this position and submit that this aspect of the claims 
should be examined with the elected invention. In other words, please examine elected SEQ ID 
NO: 1 1 and the combination of elected SEQ ID NO: 1 1 with other sequences for the reasons set 
forth below. 

The present invention is a diagnostic method, which involves looking at SEQ ID NO: 11, 
but not only at this sequence alone. Rather, it involves looking at SEQ ID NO: 1 1 and a 
collection of other sequences. The invention is still directed to elected SEQ ID NO: 1 1 as this 
sequence is the minimum component of the collection of sequences to be analyzed. In this sense, 
the objected and rejected claims are not directed to SEQ ID NOs. 12 to 19, but to elected SEQ ID 
NO: 1 1, together with one or more other sequences (i.e. SEQ ID NOs. 12, 13, etc.). 

Accordingly, the diagnostic method of the invention is based on SEQ ID NO: 1 1, but 
preferably not on SEQ ID NO: 1 1 alone as a single sequence, but on several different sequences, 
since using a collection of 2, 3 or more sequences gives a more reliable diagnostic result. 

In view of the above, it is respectfully submitted that the claims should be examined with 
respect to elected SEQ ID NO: 1 1, and a combination of elected SEQ ID NO: 1 1 with other 
sequences as this is the gist of the invention. 

On page 3 of the Action, it is indicated that claims 66, 67 and 69-80 encompass unelected 
species of ailments. In reply thereto, kindly note that the claims have been amended to the 
elected species of hepatocellular carcinoma as the species ailment. In particular, amended claim 
66 now recites "a method of diagnosing hepatocellular carcinoma '' and claims 69, 70, 77-79 and 
82 have been amended to recite "hepatocellular carcinoma" instead of "liver disorders or 
epithelial cancer." 
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III. CLAIM OBJECTION 

On page 3, claim 73 was objected to on the basis that the recited methods therein are 
"detection methods" and not "comparison methods." See the middle of page 3. 

The present amendment overcomes this objection. In particular, claim 73 is amended to 
recite "is detected by" instead of "is compared by." 

Thus, the objection to claim 73 is untenable and should be withdrawn. 

IV. INDEFINITENESS REJECTION 

Claims 66, 67 and 70-80 were newly rejected under 35 U.S.C. § 1 12, second paragraph, 
as indefinite for the reasons set forth on pages 3-5. The Office indicated that this was a new 
ground of rejection necessitated by amendment. 

This rejection is respectfully traversed as applied to the amended claims. 

Based on a definition of the term "identifying said nucleic acid(s) detected in step (a) 
which is differentially expressed in the sample isolated from the patient compared to the 
reference library or the reference sample" (page 66, lines 29-31 and page 67, lines 1-5), it is 
understood to mean selecting said nucleic acid(s) which is(are) differentially expressed compared 
to the reference library or the reference samples which fulfills the following criteria: the level of 
differential expression of the detected said nucleic acid(s) compared to the reference library or 
the reference samples is greater than about 2 fold, preferably greater than about 5 fold, more 
preferred greater than about 10 fold upregulated. See Figure 1 (RNA expression levels in HOC) 
wherein ObcI5 (SEQ ID NO: 1 1) is upregulated g reater than 2 fold when compared to RNA 
isolated from normal liver. In this regard, please see new claim 85. 

Since claim 66 has been limited to identification of SEQ ID NO: 1 1, further data are 
related to the expression pattern of this nucleotide sequence only. Overall, DNA chip, RT-PCR 
and immunohistochemistry data show highly specific up-regulation of RNA of SEP ID NO: 1 1 
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in hepatocellular carcinomas (HCCs) as compared to reference library/sample represented by 
RNA isolated from normal liver (non-neoplastic) or other neoplastic tissues. Namely, the mean 
SEQ ID NO: 1 1 RNA expression level exceeds all other normal and neoplastic tissues tested aL 
least by factor 8 . See, for example. Figures 1 and 2, and page 23, lines 20-21. 

The quantitative RT-PCR results mirror the cDNA microarray data (page 23, lines 27- 
28). In situ hybridization reveals the specific and strong expression of SEQ ID NO: 1 1 RNA in 
cytoplasm of hepatocarcinoma cells, whereas it is not detected in tumor stroma and non- 
neoplastic liver cells (page 24, lines 6-9). 

Furthermore, in the siRNA mediated knock down of SEP ID NO: 1 1 expression in the 
hepatocarcinoma cells , it is determined that the level of mRNA encoding the tumor suppressor 
gene retinoblastoma protein 1 (RBI) is up-regulated several fold, in a dose dependent manner 
(Figure 6 on page 83, lines 16-30, page 84, lines 1-2; Example 5 on pages 96 to 97 and page 98, 
lines 1-9). This data supports the role of SEQ ID NO: 1 1 in detection (and treatment) of 
hepatocarcinoma, wherein the elevated expression of SEQ ID NO: 1 1 RNA may provide a 
negative regulation of the RBI, and therefore facilitate tumor cell growth. 

Also, kindly note that new claim 85 further defines the level of positive upregulation 
(over-expression) of the identified polynucleotide(s) to a range "greater than about 2 fold" as 
supported by the above-identified disclosure. 

Claim 70 has been cancelled, thereby obviating the lack of antecedent basis rejection for 
recitation of the term "the reference sample" in step 3 of claim 70. 

To further clarify how polynucleotides are to be matched or what kind of match (steps (3 
& 4) of claim 70) is indicative of disease of hepatocellular carcinoma. Applicants note the 
following. 

Based on the definition of the term "matching said nucleic acid(s) identified in step (3) 
with said nucleic acid(s) differentially expressed in a pathologic reference sample or pathologic 
reference library" (page 67, lines 6-15), it is understood to mean that said nucleic acid(s) 
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identified in step (3) is (are) compared with said nucleic acid(s) differentially expressed in a 
pathologic reference sample or pathological reference library. Then said nucleic acid(s) 
identified in step (3) that is (are) also differentially expressed in the pathologic reference sample 
or pathologic reference library is (are) matched. In other words, said identical pair is identified 
and allocated. Since the differential expression of said nucleic acid(s) in the pathological 
reference sample or pathological reference library is (are) indicative of a disorder according to 
the invention (i.e. hepatocellular carcinoma (HCC)), such correspondence with the differential 
expression in the sample then indicates that the patient suffers from HCC (experimental data 
related to SEQ ID NO: 1 1 as discussed above). 

In view of the above, it is respectfully submitted that the skilled artisan would clearly 
understand the metes and bounds of the "matching" step in element (4) of claim 70. 
Nonetheless, for the sole purpose of expediting prosecution and not to acquiesce to this rejection, 
claim 70 has been cancelled without prejudice or disclaimer thereto. 

In view of the above, the 1 12, second paragraph, indefiniteness rejection of claims 66, 67 
and 70-80 is untenable and should be withdrawn. 

V. ENABLEMENT REJECTION 

On pages 5-12 of the Action, claims 66, 67 and 70-80 were newly rejected under 35 
U.S.C. § 1 12, first paragraph, on the basis that the specification lacks enablement for a method of 
diagnosing every liver disorder, but is enabled for diagnosing hepatocellular carcinoma in patient 
comparing the level of expression of a polynucleotide comprising the sequence of SEQ ID NO: 
1 1 in a first blood sample from said patient with the expression level of said polynucleotide in a 
second corresponding blood sample from a subject known to be free of hepatocellular carcinoma, 
i.e., detection of SEQ ID NO: 1 1 or a sequence comprising SEQ ID NO: 1 1 in a blood sample 
from HCC patient. The Office cited Home et al. and Tockman et al. as evidence of the 
unpredictability in the art. 
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It is respectfully submitted that the present amendment overcomes this rejection for the 
claims have been amended to the subject matter indicated as enabled, i.e., detection of 
hepatocellular carcinoma by detecting SEQ ID NO: 1 1 or a sequence comprising SEQ ID NO: 1 1 
in a blood sample from HCC patient. Again, support can be found in the disclosure, for instance, 
at page 66, lines 29-31, page 67, lines 1-5, and Example 6 on pages 98-102. 

Further, attached herewith is Panzitt et al., Gastroenterology . Vol. 132, No. 1, pp. 330- 
342 (2007), which is further evidence that the instant disclosure is enabling for the claimed 
invention of detecting hepatocellular carcinoma. The authors of this paper include the 
Applicants. Panzitt et al. is related to characterization of the SEQ ID NO: 1 1 ("HULC") gene. 
The authors found that this novel gene is involved in striking up-regulation in hepatocellular 
carcinoma, as non-coding RNA. They found that this gene (i.e., HULC = the present invention) 
is the most up-regulated gene in HCC and was detected in blood of HCC patients. The authors 
concluded that the gene has use as a novel biomarker for HCC. See the abstract. 

Therefore, the 1 12, first paragraph, enablement rejection of claims 66, 67 and 70-80 is 
untenable and should be withdrawn. 

VI. ANTICIPATION REJECTION 

On pages 12-17, claims 66, 67 and 69-80 remain rejected under 35 U.S.C. § 102(b) as 
anticipated by Home et al. (WO 02/29103), cited in the last Action. The Office was unpersuaded 
by the arguments in the last response. 

This rejection is respectfully traversed as applied to the amended claims. 

Based on the statements on page 17 of the Action, it appears the Office maintained the 
rejection on the basis that Applicants are arguing limitations not in the claims. For instance, on 
page 17, it was indicated that "the claims are not drawn to a specific diagnosis of hepatocyte 
carcinoma." 



19 



Attorney Docket No, 2005_0070A 
Serial No, 10/528,031 
May 9, 2007 

In reply thereto, please note the amended claims are drawn to a specific diagnosis of 
hepatocellular carcinoma. In particular, amended claim 66 calls for a method of diagnosing- 
hepatocellular carcinoma , said method comprising: 

(1) identifying a polynucleotide in a sample from a patient, wherein said polynucleotide is 
a polynucleotide consisting of the polynucleotide sequence of SEQ ID No. 11 or a polynucleotide 
comprising the polynucleotide sequence of SEQ ID No. 11, 

alone or in combination with at least one polynucleotide consisting of a polynucleotide 
sequence selected from SEQ ID Nos. 12-19 or a polynucleotide comprising the polynucleotide 
sequence selected from SEQ ID Nos. 12-19, and 

(2) comparing expression of the polynucleotide(s) identified in step (1) with expression of 
said polynucleotide from a non-diseased control, wherein over-expression of the identified 
polynucleotide(s) as compared to the non-diseased control is indicative of a diagnosis of 
hepatocellular carcinoma . 

Home (WO 02/29103) fails to teach this specific method of diagnosis. 

The polynucleotide sequence SEQ #2645 in Home (WO 02/29103), shares 95.6% 
homology to SEQ ID No. 11. The Home sequence is disclosed to be down-regulated in 
metastatic malignant liver (secondary liver cancer). This means that the polynucleotide sequence 
SEQ #2645 in Home exhibits the opt)osite expression pattern compared to elected SEQ ID NO: 
1 1 of the present invention, which is highly up-regulated in HCC (primary liver cancer) (see page 
23, line 29 to page 24, line 14 of the instant disclosure). Accordingly, it is clear that the sequence 
in Home is related to a different form of cancer than that of the claimed invention. 

Therefore, in contrast to the specific method for diagnosing hepatocellular carcinoma of 
the present invention using SEQ ID NO: 11, sequence SEQ #2645 in Home is not an optimal 
hepatocellular carcinoma biomarker . There is no suggestion in Home to use this sequence for 
such. In fact, the skilled artisan would not use the sequence in Home in the claimed method, 
because the Home sequence would not be involved in up-regulation, i.e., over-expression, in 
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hepatocellular carcinoma, as required by the claimed method. Accordingly, the skilled artisan 
would not select SEQ #2645 (listed among other more than 800 ESTs and genes showing various 
pattern in primary or secondary liver cancers) to be used in the claimed method, because it not an 
optimal HCC biomarker involved in up-regulation or over-expression. For this reason, Home 
fails to disclose each and every element of the claimed invention. Therefore, Home fails to 
anticipate the present invention. 

In addition. Applicants again respectfully note that the claims call for methods which 
require using a "polynucleotide consisting of the polynucleotide sequence of SEQ ID No. 1 1 or a 
polynucleotide comprising the polynucleotide sequence of SEQ ID No. 1 1" and diagnosis by 
detecting up-regulation. 

It is again submitted that Home fails to disclose or suggest this sequence. Instead, Home 
discloses a polynucleotide sequence SEQ #2645 (which shares 95.6% homology to Exon 2 
region of clones 5 = SEQ ID No. 1 1). Such a sequence is not the same sequence as SEQ ID NO: 
1 1. A sequence sharing 95% homology is not the same sequence. Therefore, Home fails to 
teach each and every element of the claimed invention. For this reason. Home fails to anticipate 
the claimed invention. 

In view of the above, the rejection of claims 24, 25 and 34-45 under 35 U.S.C. § 102(b) 
as anticipated by Home (WO 02/29103) is untenable and should be withdrawn. 
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CONCLUSION 



In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance and early notice to that effect is hereby 
requested. If the Examiner has any comments or proposals for expediting prosecution, please 
contact the undersigned attorney at the telephone number below. 



JFW/mjw 

Washington, D.C. 20006-1021 

Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 9, 2007 



Respectfully submitted. 



Christian GUELLY et al. 




Ja^«^Wil%is " 

Registration No. 48,036 
Attorney for Applicants 
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ATTACHMENT 

1. Panzitt et al., Gastroenterology. Vol. 132, No. 1, pp. 330-342 (2007). 
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Characterization of HULC, a Novel Gene With Striking Up-Reguiation in 
Hepatocellular Carcinoma, as Noncoding RNA 

KATRIN PANZnr.* MARISA M. O. TSCHERNATSCH,* CHRISTIAN GUELLY.* TAREK MOUSTAFA.^ MARTIN STRADNER.* 
HEIMO M. STROHMAiER * CHARLES R. BUCK * HELMUT DENK,* REN^E SCHROEDER,^ MICHAEL TRAUNER," 
and KURT ZATLOUKAL* 

VnstHute of Pathology, Medicai University of Graz, Graz, Austria; ^Oridis-Biomed, Graz, Austria: ^Max F. Perutz Laboratories, Vienna, Austria: "Laborafcvy of 
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Background & Aims : Recent studies have high- 
lighted the role of noncoding RNAs (ncRNAs) in 
carcinogenesis, and suggested that this class of genes 
might be used as biomarkers in cancer* We searched 
the human genome for novel genes including ncRNAs 
related to hepatocelitdar carcinoma (HCC). Methods : 
An HCC-specific gene library was generated and 
screened for deregulated genes with 46 HCCs> 4 focal 
nodular hyperplasias, and 7 cirrhoses utilizing cDNA 
arrays. Sequencing of library clones identified a novel 
ncRNA as the most up-regulated gene in HCC. This 
gene was also cloned from different monkeys and 
characterized by quantitative RT-PCR, Northern blot 
analysis and in situ hybridization. Structural and 
functional studies included comparative sequence 
and protein expression analyses, quantitative RT-PCR 
of polysomal preparations, and siRNA-mediated 
knockdown experiments. Results : The most up-reg- 
ulated gene in HCC named Mghly up^egulated in fiver 
cancer (HULC) was characterized as a novel mRNA- 
like ncRNA. HULC RNA is spliced and polyaden- 
lyated, and resembles the mammalian LTR transpo- 
son lA. It does not contain substantial open reading 
frames, and no native translation product was de- 
tected. HULC is present in the cytoplasm, where it 
copurifies with ribosomes. siRNA-mediatcd knock- 
down of HULC RNA in 2 HCC cell lines altered the 
expression of several genes, 5 of which were known to 
be affected in HCC, suggesting a role for HULC in 
post-transcriptional modulation of gene expression. 
Conclusions : HULC is the first ncRNA with highly 
specific up-regulation in HCC. Because HULC was 
detected in blood of HCC patients, a potential use as 
novel biomarker can be envisaged. 

Noncoding RNAs (ncRNAs) have emerged as a new 
class of funcrional transcripts in eukaryotic cells, 
and were grouped into 3 subclasses according to their 
number of nucleotides. jhe growing class of micro- 
RNAs (mRNAs) (21-25 nt) has been related to cell dif- 
ferentiation and cancer in recent publications.^* Small 
ncRNAs with a length of 100-200 nt are commonly 



found as translational repressors, and long ncRNAs 
(> 10.000 nt) are involved in gene silencing.^ According 
to their structural features, these 3 subclasses of hetero- 
geneous transcriptional units can be further subcatego- 
rized. mRNA-like ncRNAs, for example, usually lack ex- 
tensive open reading frames (ORF) and are, therefore, 
difficult to predict from genomic sequences. In general, 
they are more than 200 nt long and, in most of the cases, 
they are spliced and polyadenylated.^ 

Recent studies imply ncRNAs in the regulation of gene 
expression by a variety of mechanisms such as RNA 
interference, gene silencing, imprinting, and DNA de- 
methylation, indicating that this novel class of tran- 
scripts plays a central role in development and cell dif- 
ferentiation,^ although to most ncRNAs no specific 
function has been ascribed. Increasing evidence relates 
changes in expression levels of ncRNAs to complex dis- 
eases such as cancer.^-»o For PCGEM," and DD3,^2 for 
example, a tumor-associated overexpression in prostate 
cancer was found, implicating these ncRNAs in prostate 
tumorigenesis.*^ BC200 RNA overexpression has recently 
been correlated with the progression of breast tumors 
and proposed as a new molecular marker for breast 
carcinomas.*"* Increased expression of the MALAT-1 gene 
indicates a worse clinical outcome in lung cancer pa- 
tients, and thus further emphasizes the potential role of 
ncRNAs in tumorigenesis.^ 

Hepatocellular carcinoma (HCC) is one of the leading 
causes of cancer-related deaths worldwide, and affects 
approximately half a million people yearly.^^ As a multi- 
factorial genetic and epigenetic disease with a complex 
etiology, most HCCs originate on the basis of long-term 
liver injury typically caused by chronic hepatitis C or B 
virus infections, alcoholic liver disease, aflatoxin expo- 
sure, or a variety of inherited metabolic diseases.*^ The 



Abbreviations used in this paper. FNH, focal nodutar hyperplasia; 
HCC, hepatocellular carcinoma; HULC, highly up-regulated in liver can- 
cen mRNA, mIcro-RNA; ncRNA, noncoding RNA; ORF, open reading 
frame; RACE, rapid amplification of cDNA ends. 
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majoric)' of these chronic liver diseases lead to the devel- 
opment of liver cirrhosis, which promotes HCC forma- 
tion. Besides the highly malignant HCC, several other 
tumor types ako occur in the liver. The most common 
benign tumor-like lesion in the liver is focal nodular 
hyperplasia (FNH), which is characterized by polyclonal 
proliferation of hepatocytes and immature ductular cells 
that are considered to be related to liver progenitor 
ceUs.»7 

Based on the increasing evidence for a relationship 
between ncRNAs and tumor formation and progression, 
we performed a genome-wide search for novel transcripts, 
which are associated with the molecular pathogenesis of 
HCC, but not properly represented in gene collections 
and commercially available platforms. Utilizing HCC- 
specific gene libraries and cDNA microarrays, we identi- 
fied a novel ncRNA as the most up-regulated gene in the 
HCCs investigated and named it HULC (Wghly up-regti- 
lated in fiver cancer). Due to its striking expression pat- 
tern, we performed a detailed characterization of this first 
ncRNA specifically associated with HCC. 

Materials and Methods 

Human Tissues 

Human tissue samples were retrieved from the 
biobank at the Institute of Pathology, Medical University 
of Graz, Austria. Tissues obtained from surgically re- 
sected tumors and adjacent non-neoplasric tissue or from 
explanted livers were either snap frozen in methyl butane 
precooled with liquid nitrogen within 20 minutes after 
operation or fixed in phosphate-buffered (pH 7.4) 4% 
formaldehyde solution and embedded in paraffin. The 
study was approved by the ethics committee of the Med- 
ical University of Graz, Austria. 

HCC-cDNA SSH Library Construction 

Total RNA was isolated from 3 HCC samples and 
from 3 non-neoplastic liver samples using Trizol reagent 
(Invitrogen, Carlsbad, CA) and pooled. PolyA+-RNA was 
prepared using Oligotex mRNA spin columns (Qiagen, 
West Sussex, UK). cDNA synthesis and subtraction were 
performed using the PCR-Select cDNA Subtraction Kit 
(BD-Bioscicnces-Clontech, Mountain View, CA). Sub- 
tracted cDNAs were cloned into pCRII (Invitrogen) and 
transformed into Escherichia coU XL-lBIue (Invitrogen). 

cDNA Microarray Design 

For microarray generation, 2304 colonies contain- 
ing 960 up- and 960 down-regulated cDNAs plus 384 
normalized colonies (where the subtractive step was 
omitted) were selected from the HCC cDNA library. Ad- 
didonally, 3514 IMAGE cDNA clones representing genes 
with well-characterized roles in signaling, cell cycle regu- 
lation, apoptosis, tissue remodeling, angiogenesis, and 
immune reactions were purchased from the RZPD (Ger- 



man Resource Center for Genome Research, Heidelberg, 
Germany). Four plant clones, cab, tim, xcp2, and rbcl 
(Stratagene, La Jolla, CA) were included as internal stan- 
dards for quality control All 5832 individual clones were 
PCR-amplified and processed according to standard pro- 
tocols^® and printed onto Coming CMT-GAPS™ amin- 
osilane coated glass microscope slides (Coming Life Sci- 
ences, New York, NY) using a GMS 417 Arrayer (Genetic 
Microsystems, Wobum, MA). 

cDNA Microarray Hybridization and 
Analysis of Human Livers 

Frozen tissue sections were dissected under the 
microscope. Fifty to 100 mg of tissue were used for RNA 
isolation with Trizol reagent (Invitrogen). Microarray hy- 
bridization experiments included a non-neoplastic liver 
pool (n = 3) as reference. In a direct labeling reaction, 20 
/xg of total RNA of each sample were spiked with differ- 
ent amounts of Arabidopsis mRNAs (Stratagene). The 
RNAs were fluorescently labeled with either Cy 3 (refer- 
ence) or Cy 5 dCTP (test sample) by reverse transcription. 
Probes were hybridized to the chip at 42**C for 16 to 20 
hours*® and microarrays were scanned using a GMS 418 
Array Scanner (Genetic MicroSystems). Fluorescent im- 
ages were analyzed by ImaGene 4.1 and 4.2 software 
(BioDiscovery, El Segundo, CA). Photomultiplier tube 
and laser value for scanning were calibrated over all spots 
in both the Cy 3 and Cy 5 channels. After local back- 
ground correction by using GeneSight 3.0 software (Bio- 
Discovery), ratios were calibrated by applying normaliza- 
tion factors calculated fi-om the mean intensities over all 
spots. According to their spike-in ratios, the normaliza- 
tion drift in the 2 fluorescence channels was evaluated. 
Genes were hierarchically clustered using Genesis soft- 
ware (http://genome.tugra2.at). 

Statistical Analysis 

Statistical significance of defined subgroups was 
tested by the Mann- Whitney l7-test. The same test was 
used to compute P values for testing groups with PGR. In 
Figures IC and D, 6, and 7 the error bars represent the 
standard errors of mean (SEM). 

Rapid Amplification ofcDNA Ends (RACE) 
Library Construction 

The Smart RACE (rapid amplification of cDNA 
ends) cDNA Amplification kit (BD-Biosciences-Clontech) 
was used for the construction of 5' and 3' RACE libraries 
from polyA RNA, from total RNA extracted from a pool 
of HCC tissue and from total RNA primed with multiple 
gene-specific primers. 

Data Base Accession Number 

The nucleotide sequence for the HULC region has 
been deposited into the Genbank data base with the 
accession number AY9 14050. 
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Rgure 1. Microarray gene cluster analysis. (A) mRNA expression profile of 6912 clones (rows) from 46 HCCs, 4 focal nodular hyperplasia (l=1MH) 
tissue samples, 7 cirrhoses, and 2 non-neoplastic liver samples {columns). The genes were hierarchically clustered using Genesis software 
{http://genome.tugraz.at). The arrow indicates the HULC cluster. (B) Magnification of the HULC cluster. Three independent HULC clones are shown 
in the same cluster as glutamate-ammonia ligase, tumor necrosis factor alpha, and mitochondrial ATPase 6. H, hepatocellular carcinoma (HCC); C, 
cirrhosis; F, focal nodular hyperplasia (FNH); N, non-neoplastic liver, different samples are indicated by consecutive numbers. (C) Statistical analysis 
of microanray data reveals the significant overexpression of HULC in HCC (32.7 ± 5.0; P = .01 6) and FNH {17.1 ± 2.7; P = .1 8) compared with the 
non-neoplastic liver pool. Error bars represent the standard errors of mean {±SEM). (D) Quantitative RT-PCR analysis of HULC RNA expression levels 
in various non-neoplastic tissues and corresponding tumors. The expression levels of the individual samples are related to the non-neoplastic liver 
pool {= 1 ). At least 3 independent specimens per tissue sample were analyzed. Fold change values lower than 0.03 (corresponding to Taqman cycle 
3Q were considered not detectable (n.d.). The up-regulation of HULC Is highly significant (9.2 ± 1 .6-fold, P < .005) and confirms the microarray 
results. Error bars represent the standard enrors of mean (±SEM). 



Northern Blot Analysis 

Ten micrograms of cocal RNA were separated on a 
1.2% MOPS gel and transferred to a Hybond-N+ mem- 
brane (GE Healthcare-Amersham Biosciences, Litde 
Chalfont, UK) by capillary blot. The HULC probe corre- 
sponding to nucleotides 99-425 (GenBank accession 
#AY9 14050) was radioactively labeled with [a-32p]dCTP 
(Amersham Biosciences) using the Rediprime II random 
prime labeling kit (Amersham Biosciences). ULTRAhyb 
buffer (Ambion, Cambridgeshire, UK) was used for both 
prehybridization and hybridization, and signals were de- 
tected by autoradiography. 



Preparation of RNA from Patient Blood and 
Corresponding Tissue Samples 

For the preparation of peripheral blood mononu- 
clear cells from blood samples, for which informed con- 
sent was given, 5 mL of peripheral venous blood was 
collected in 5 mL vacutainer ethylenediamine tetraacetic 
acid (EDTA) tubes (BD Pharma, Le Pont-De-Claix, 
France). Samples were diluted 1:1 in balanced salt solu- 
tion and subjected to centrifugation in a Ficoll Paque 
Plus (Amersham Biosciences) gradient in a Sorvall RC-5B 
centrifuge for 40 minutes at 1400 rpm and 18**C. RNA 
from cell pellets prepared from the interphase by addi- 
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tion of 6 mL balanced salt solution and centrifiagation 
for 10 minutes at 700 rpm and 18°C was isolated using 
the RNcasy Kit (Qiagen). For the extraction of total RNA 
from frozen tissue samples, 4-/xm cryosections were dis- 
sected under the microscope. Fifty to 100 mg of tissue 
were used for RNA isolation with Trizol reagent (Invitro- 
gen) according to the manufacturer's recommendations. 
Total RNA from paraffin-embedded samples was pre- 
pared as described elsewhere.*^ 

QuanHative RT-PCR 

Using Superscript II RNase H-reverse transcrip- 
tase (Invitrogen), cDNA was synthesized from 1 fxg of 
total RNA prepared from at least 3 independent samples 
per tissue, including the liver samples from the cDNA 
array. Applied Biosystems' Universal Taqman mastermix 
or SYBRgreen mastermix were used with 40 ng of tem- 
plate cDNA per reaction, and samples were analyzed in 
triplicates. Standard curves were generated in duplicate 
with 50, 10, 2, and 0.4 ng cDNA, and the values were 
normalized against GAPDH and/or /3-actin. The follow- 
ing primers were used: HULC forward primer 
5'-atctgcaagccaggaagagtc-3'; HULC probe: 5'-FAM-cca- 
gaccatgcaggaactctgatcgtggac-TAMRA-3'; HULC reverse 
primer. 5'-cttgcttgatgctttggtctgt-3'. GAPDH forward 
primer. 5'-ccacatcgctcagacaccat-3'; GAPDH probe: 5'- 
FAM-caaatccgttgactccgaccttca-TAMRA-3'; GAPDH re- 
verse primer: 5'-accaggcgcccaatacg-3'; /3-actin forward 
primer 5'-aaggccaaccgcgagaagat-3'; j3-actin probe: 5'- 
FAM-ccatgtacgttgctatccaggctgtgctatcc-TAMRA-3'; /3-ac- 
tin reverse primer 5'-gtcaccggaatccatcacga-3' (all primers 
were obtained from MWG biotech, Ebersberg, Germany). 
After normalization to the housekeeping gene, RNA 
quantities were shown as fold overexpression. 

Radioactive In Situ Hybridization 

Radioaaive in situ hybridization was performed 
as previously described.^o The radioactive probe was gen- 
erated by in vitro transcription (antisense transcript, 
nucleotide 95-455 of HULC, GcnBank accession 
#AY9 14050; sense transcripr. nucleotide 92-426, Gen- 
Bank accession #AY914050). Slides were covered in pho- 
tographical emulsion K2 (Ilford Ltd., Cheshire, United 
Kingdom) and stored at 4**C. After 10 days of exposure, 
the slides were developed with a Kodak D19 developer 
and counterstaincd with hematoxylin. 

Preparation of Ribosome Bound/Free RNA 
Hcp3B cells (ATTC #HB-8064) were lysed in 
NP-40 buffer (0.5% NP-40, 10 mmol/L Tris-HCl pH 8.0, 
140 mmol/L NaCl, 1.5 mmol/L MgCla), supplemented 
with 480 U/mL RNasin, 150 ptg/mL cycloheximide, 20 
mmol/L DTT, and 1 mmol/L PMSF. After pelleting the 
nuclei, mitochondria and membrane particle samples 
were spun on a 15%- 40% sucrose gradient in an ultra- 
centrifuge (Sorvall OTD65B) for 2 hours at 38,000 rpm. 



Fractions (620 /iL) were taken from the gradient and 
phenol- chloroform extracted. Following LiCl precipita- 
tion, RNA preparations were monitored on agarose gels. 
cDNA was synthesized from 1 fjtg RNA and subjected to 
quantitative RT-PCR analysis. 

Immunoblot 

Cells were lysed in RIPA buffer (50 mmol/L Tris 
pH 7.6, 150 mmol/L NaCl, 1% NP-40, 0.5% deoxycholate, 
0.1% SDS) containing 2 /jtg/mL leupeptide/pepstatin/ 
aprotinine (Roche, Basel, Switzerland), 1 mmol/L DDT 
and 1 mmol/L PMSF. Protein lysate, 15 /xg per lane, was 
separated on 10%-20% Tris-glycine gels and transferred 
onto a Hybond-P+ membrane (Amersham Biosciences) 
with a semidry blotter (Amersham Biosciences). Mem- 
branes were incubated sequentially with the primary and 
secondary antibodies for 1 hour each. The following 
antibodies were used: anti-His (Dianova, Hamburg, 
Germany), anti-FLAG (Sigma Diagnostics, St. Louis, 
MO), anti-GFP (Zymed, South San Francisco, CA), swine 
antirabbit HRP conjugated (Dako, Glostrup, Denmark), 
rabbit antimouse HRP conjugated (Dako), rabbit anti- 
HULC peptide antibodies (a: 0.15 mg/mL; b: 0.1 mg/mL) 
to the putative peptide sequences: (a) PRED- 
TARPQSASQE, (b) DTARPQSASQEESSR Signals were 
detected with the ECL kit (GE Healthcare-Amersham 
Biosciences). 

Plasmid Transfections 

Hep3B cells were cultured in DMEM medium 
(Invitrogen, Gibco cat #41965-039) supplemented with 
1% PeniciDin/Streptomycin (Invitrogen, Gibco, cat 
#15140-122), 1% L-glutamine (Invitrogen, Gibco cat 
#25030-024), and 10% fetal calf serum (Gibco, cat 
#10270-106) at 37°C in 95% H2O and 5% CO2. Plasmids 
were transfected with Lipofectamine reagent or Lipo- 
fectamine 2000 reagent (Invitrogen). 

siRNA'Mediated Knockdoum of HULC 

4 X 10* ceUs/well HepG2 (ATTC #HB-8065) or 2 
X 10^ cells Hep3B (ATTC #HB-8064), respectively, were 
seeded into 6-well plates the day before transfection in 
DMEM medium containing 10% fetal calf scrum. Chem- 
ically synthesized siRNA oligonucleotides were pur- 
chased from Qiagen-Xeragon (Germantown, MD) and 
designed using an siRNA design algorithm applying 
stringent homology analysis (https://wwwl. qiagen. 
com/Products/GeneSilencing/CustomSiRna/CustomSiRna 
Order.aspx). Two siRNA oligonucleotides targeting 2 dif- 
ferent sections of the HULC RNA were used for the 
experiments (target sequence: 5'-aatctgcaagccaggaa- 
gagt-3' for HULC siRNA 1 and 5'-aacctccagaactgt- 
gatcca-3' for HULC siRNA 2). Controls involved a scram- 
bled (target sequence: 5'-aaccactgccttgatccgaaa-3') and a 
nonsilencing control siRNA (#1022076, target sequence: 
5'-aattctccgaacgtgtcacgt-3') as negative controls and 
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Lamin A+C siRNA (#1022050; target sequence 5'-aactg- 
gacttccagaagaaca-3') as positive control. Transfection was 
carried out using Oligofectamine (Invitrogcn) according 
to the manufacturer's recommendations. Briefly, cells 
were washed prior to transfection with DMEM without 
additives and cultured in 800 fxL DMEM per well with- 
out additives. For transfection, 10 /utL of a 20 mmol/L 
siRNA oligonucleotide stock (or 10 fiL siRNA resuspen- 
sion buffer for mock transfection controls) diluted in 175 
jbtL Opti-MEM Reduced Serum Medium (Invitrogen) per 
well were complexed by addition of 2.7 Oligo- 
fectamine and 12 /xL Opti-MEM Reduced Serum Me- 
dium. After 6 hours, fetal calf serum concentration was 
adjusted to 10%. Cells were harvested 24 hours after 
transfection. Cells of a 6-well plate were pooled and 
subjected to RNA isolation using Trizol reagent (Invitro- 
gen). One microgram of total RNA was reversely tran- 
scribed and the degree of knock down was determined by 
quantitative RT-PCR. After RNeasy clean-up (Qiagen), 
samples were subjcacd to microarray hybridization. 

Microarray mRNA Expression Analysis 

The quality of RNA prepared from siRNA-treated 
cells was evaluated using the Agilent Bioanalyzer 2100 
(Agilent Technologies, Palo Alto, CA). Samples with a 
RNA Integrity Number value above 9 were subjected to 
labeling (35 /xg of total RNA per sample) following the 
Applied Biosystems Chemilumincscent Labeling protocol 
(Applied Biosystems, Foster City, CA). The directly la- 
beled cDNA product was hybridized to Human Genome 
Survey Microarrays v02 (Applied Biosystems) covering 
approximately 28,000 genes according to the manufac- 
turer's instructions. Microarrays were analyzed using the 
AB1700 Chemilumincscent Microarray Analyzer. For 
each cell line and for each knockdown experiment 2 
biological replicates were analyzed. 

Microarray Data Processing and Statistics 

Array images were processed using the Applied 
Biosystems 1700 Array Scanner software. Spot normal- 
ization and statistical analysis were used to determine 
significantly (P < .05) up- or down -regulated genes 
affected by siRNA-mediated knockdown. Expression 
values were normalized across arrays by quantile nor- 
malization using R Script and the Bioconductor soft- 
ware (http://www.bioconductor.org/). Significantly up- 
regulated genes (P < .05) were subjected to functional 
classification using PANTHER software (Applied Bio- 
systems) to evaluate pathways and biological processes 
affected by the siRNA knock-down. 

Results 

HULC Is Specifically Expressed in 
Hepatocytes and Highly Up-regulated in HCC 

For a genome-wide gene expression profiling ap- 
proach, we generated HCC-spccific cDNA libraries by 



subtractive suppressive hybridization.^* Clones from the 
HCC cDNA library in conjunction with well-known can- 
cer-related and control genes were used for the produc- 
tion of an HCC-specific cDNA microarray containing a 
total of 6912 cDNA clones. Tissue samples of 46 HCCs, 
4 FNHs, 7 cirrhoses, and 2 non-neoplastic livers were 
compared with a pool of non-neoplastic liver samples 
(Figure lA; full dataset will be provided as supplemental 
material on our website). The most prominent cluster of 
up-regulated genes contained a previously unidentified 
EST together with transforming growth factor alpha and 
glutamate-ammonia ligase, 2 genes that are known to be 
highly up-regulated during the pathogenesis of human 
HCC (Figure IBy^^^*^^ Up-regulated 33-fold on average 
(32.7 ± 5.0, P = .016) over the non-neoplastic liver pool 
in 76% of HCCs, and represented by 3 independent HCC- 
specific library clones, this EST was named HULC. HULC 
expression levels were also, but to a lesser extent, up- 
regulated (17.1 ± 2.7-fold) in FNH (P = .188). In contrast 
to the situation in liver tumors, HULC was only slightly 
up-regulated in cirrhotic liver tissue (3.3 ± 0.7-fold, P < 
.001) (Figure IC). 

To determine whether HULC is commonly overex- 
pressed in neoplastic tissues of various organs, a broad 
range of normal tissues and their corresponding carcino- 
mas/sarcomas were tested for HULC RNA expression by 
quantitative RT-PCR (Figure ID). HULC was barely de- 
tectable in most of the normal tissues and not signifi- 
candy elevated in the majority of the corresponding neo- 
plastic tissues. The slight increase of HULC RNA levels in 
prostate carcinoma, astrocytoma, and sarcoma, however, 
was never as striking as in HCC, where the mean HULC 
RNA expression level exceeded all other normal and neo- 
plastic tissues tested at least by a factor of 12. The 
quantitative RT-PCR results mirrored the cDNA microar- 
ray data, although the levels of up-regulation were gen- 
erally lower {92 ± 1.5-fold, P < .005 versus 32.7 ± 5.0, P 
= .016-fold in the cDNA microarray). Nevertheless, these 
results demonstrate a highly specific up-regulation of 
HULC RNA expression levels in HCC. In situ hybridiza- 
tion revealed the specific and strong expression of HULC 
RNA in the cytoplasm of HCC, whereas it was not de- 
tected in tumor stroma and non-neoplastic liver cells 
(Figure 2). 

Characterization of the HULC 
Transcriptional Unit 

Northern blot analysis identified an HULC tran- 
script with a length of approximately 500 nucleotides. 
Again, HULC RNA levels were markedly higher in HCC 
than in non-neoplastic liver (Figure 3A), which is consis- 
tent with our cDNA microarray and quantitative RT-PCR 
data. To clone a full-length gene and to localize the 
HULC transcriptional unit, polyA primed and gene-spe- 
cifically primed 5' and 3' RACE (rapid amplification of 
cDNA ends) cDNA pools were generated. Sequencing of 
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ngure 2. Detection of HULC expression in HOC lay radioactive In situ 
hybridization, ifi) Hybridization witli antlsense probe shows positive 
signal in HCC nodutes, whereas the surrounding non-neoplastic tissue 
Is negative. (B) Hybridization with the sense probe of the corresponding 
area shov^ in (A). (C) Higher magnification of antisense prot>e hybrid- 
ization allows localization of the specific signal to the cytoplasm of 
hepatocellular carcinoma cells, insert shows higher magnification of the 
same section. (D) Corresponding area as shown In (Q hybridized with 
sense prot)e. Asterisks indicate corresponding tumor stroma areas in 
(Q and (D). Scale bar m A and B equals 400 /xm; In C, D. and insert 
equals 100 /xm. 



HULC-specific RACE PGR products localized the HULC 
sequence co a 482-bp region on human chromosome 
6p24.3. Computational analysis of the obtained nucleo- 
tide sequence data allowed us to determine the structure 
of the HULC transcriptional unit. The HULC gene in- 
cludes a single intron and carries 1 canonical and 2 
noncanonical polyadenylation signals 21 nt, 32 nt, and 
47 nt, respectively, upstream from the polyA tail (Figure 
3B and C). The genomic region harboring the HULC 
locus is poorly characterized. However, exon 1 mainly 
consists of an LTR (MLTIA; mammalian LTR transpo- 
son lA), indicating the integration of a retrotransposon 
at this chromosomal location.^** 

Computer-assisted database comparison revealed that 
there was, prior to our findings, no corresponding full- 
length cDNA clone in the publicly available databases. 
However, as expected from the abundance of the HULC 
transcript, we identified 5 ESTs corresponding to HULC 
(UniGene cluster Hs. 214343) in blast searches against 
the NCBI genomic and EST databases and the UCSC 
genome browser. Most of these ESTs were isolated either 
from a pool of fetal liver and spleen cDNA or a mixed 
pool of cDNAs from 40 tissues including liver. 



HULC Is Evolutionary Conserved in Primates 

Further in silico searches of public domain data- 
bases (NCBI, UCSC, Ensembl) did not identify any HULC 
homologue in other species, except for a partial homol- 
ogy in chimpanzee for exon 2. To find possible HULC 
homologues in primates, we cloned and sequenced 
HULC from 3 Old World monkeys {Papio ursinus, Macaca 
mulatta, and Macaca fasciculata). Both HULC exons were 
amplified with low stringency quantitative RT-PCR con- 
ditions from liver RNA isolated from these primates 
using various human primers. Sequencing of the result- 
ing PCR products demonstrated that both HULC exons 
were highly conserved in these species (1 mismatch/482 
bp), whereas the sequences upstream of exon 1 and the 
introns revealed 18 and 17 mismatches, respectively, in 
the approximate 300 bp sequenced (Figure 4), In addi- 
tion, an analysis of CpG dinucleotidcs was performed.^* 
The human HULC exons show a high content of CpG 
dinucleotides with an incidence of 5 CpG dinucleotides 
in 482 bp. In contrast, the next CpG dinudcotide 5' to 
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Figure 3. Characterization of the HULC transcriptional unit. (A) North- 
em btot analysis of HULC RNA. Ten micrograms of total RNA were 
loaded per lane. A positive signal at 500 nt Indicates specific overex- 
pression In different tumorous tissues. H. HCC; F. focal nodular hyper- 
plasia (FNH); N, non-neoplastic liver. 18S and 28S rRNA were used as 
a control for the quantity and quality of RNA loaded. (0) The HULC gene 
locus. HULC RNA sequence including the polyA tail showing the loca- 
tion of the intron and the polyadenylation signals {boxes). (C) Diagram of 
the HULC gene locus. The HULC gene consists of 2 exons, 1 82 nt and 
303 nt long, with 1 standard AATAAA and 2 noncanonical AATTAA 
polyadenylation signals occuning 21 nt. 32 nt, and 47 nt. respectively, 
upstream from the polyA tail. 
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HUMAN: TCTGAGAGATAGAGGTATGGGAAAGAGTGAAGTAAACAGCACATAAGAACAGTCATGAAGAAGGCAATTTCAGTG 

BABOON: GC A C C G C— 

HUMAN : TGCAGCATTTAGAGCTTGGGTCAGAAAAGCAGGTCCACTACAAGTGGGAGCTGGTTGCTATACACTGAATGTTTG 

BABOON: A G 



HUMAN: CAGTCO^CAAAA-TCAATATGTTGAAACCCTAATCTCCAGTGTGATGGTATTTGGAGGTGGGGCCTTTGGGAGGT 
BABOON: A— C G 



HUMAN : AACTGGGCTTGGATGAGGTCATGG6GGTGGAACTCATGATGGAA!rrGGAaCCTTTACAAGGG^ 

BABOON: 6 CT 

MACAQUE: 

HUMAN: GAGCTCTCmArGCCflOgrGAGGMAayGX^^ 

BABOON: 

MACAQUE: t 



HUMAN : ACXMXGCAGGUU^CTGU^T^TGGACATTT^^ 

BABOON: C T 

MACAQUE: T 7 C T 



HUMAN: GTCTTTGTTATTTTTTATAGCAGCCTAAGCGGACTGAGACACGTGAAGGTGGACTGAGACACATGAAGCAGTCAG 

BABOON: G A 

MACAQUE: G A 



HUMAN : TCTGGGGCTGTTCCTTCACTATCTGGTGCTGAAGCTTTAAGTCCACGGGGCAGGAAGTTGGGAGAAAAGAGGGCG 

BABOON: C G— C C C T- 

MACAQUE: C G— C C C T- 

HUMAN: TGAAATAGAGAGGGGTTCGAACAATCTGGAACTCTTGAGGCTGAGCTGGTTCCCACAAGGACCAACTGGGACCCA 

BABOON: G G TC A 

MACAQUE: G G TC T- A 

HUMAN : TTAGCCCCTCTTACCACCTGTTAGCCTCCATCTTTGATTATGGAATOGATTTGCTGGAGAAGCrGG^^ 

BABOON: -C C 

MACAQUE: G C —- C 



Figure 4. HULC is evolutionary 
conserved in primates. Only the 
first exon (bold) surrounded by 
upstream genonnic and Intronic 
sequence is shown. Matches 
between the indicated primate 
sequences and that of H sapi- 
ens are indicated by hyphens. 
Nucleotide replacements are 
shown at the appropriate loca- 
tion. CpG dinucleotides are un- 
deriined. 



exon 1 was 808 bp and 3' to exon 2 was 566 bp from the 
HULC coding sequence. This indicates high evolutionary 
conservation of HULC and that it is an active transcrip- 
tional unit. Surprisingly, neither mouse nor rat appears 
to have a HULC homologue. The syntenic chromosomal 
sequence both upstream and downstream of the pre- 
sumed HULC transcriptional unit in rodents are highly 
homologous for several hundred kilobases (84.4% to 
mouse chromosome 13, 87.0% to rat chromosome 17 for 



the upstream region; 81.3% and 87.1% for the down- 
stream regions, respecrively). However, no homology is 
apparent for the HULC transcriptional unit itself 

HULC May Function as an ncRNA 

One striking feature of the HULC RNA sequence 
is the high density of stop codons in the small potential 
reading frames scattered throughout the HULC gene. 
Furthermore, in silico translation of the HULC RNA did 
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FiQure 5 Expression of HULC as a fusion protein and in vitro translation, (A) The longest potential ORF found in the HULC gene is 72 amino acids 
(219 nt) iomiframe 7). Ihe bold letters indicate the location of 2 overiapping HULC eprtopes that were used for the generation of ant^peptide 

with an antitedy raised against a putative HULC peptide. A specffic protein product is detectable only .n the C^term.nal HULC ^^f 'f " '"^^ 
7) Equ^^SS weret^ded per tene as shown by the p-actin controL (1 ) GFP^HULC transfected HepG2 cells: (2) GFP transfected 

HepG2; (3) HOC; (4) HCC; (5) HepG2 cells transfected with nontagged HULC cDNA; (6) mock transfected HepG2 cells. 



not indicate the presence of a substantial ORF in the 482 
nt-long HULC sequence. The longest predicted ORF with 
a potentially functional translation initiation site is 219 
nt long, and would yield a possible gene product of 72 
amino acids (approximately 8 kilodaltons) (Figure 5A). 



However, the deduced amino acid sequence does not 
contain any known protein motifs nor does it share 
homologies to other proteins in any species. Even though 
the lack of an ORF larger than 100 amino acids suggested 
that the HULC RNA might not be translated,^^ we per- 
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Rgure 6. Polysomal profile of HULC. (A) Polysomal fractions (fri were 
isolated after sucrose gradient centrifugatlon and loaded onto a dena- 
turing {1 X MOPS) RNA gel. The first fractions (1^) on the gel demon- 
strate RNA not txxjnd to ribosomes, whereas subsequent fractions 
represent ribosome bound RNA (fractions 6-18). (B) Representative 
ribosome fractions were examined by quantitative RT-PCR and relative 
concentrations of HULC and GAPDH RNA were calculated from total 
RNA standard curves. Both genes showed elevated expression levels in 
the ribosome-bound fractions starting with fraction 13. where the first 
complete ribosomes were observed. 



formed in vitro translation experiments to determine 
whether any protein product was generated from the 
HULC RNA sequence. In vitro translation as well as 
overexpression of HULC in E colt (data not shown) did 
not yield any protein product detectable on gels designed 
to resolve proteins smaller than 4 kilodaltons. 

Furthermore, we generated polyclonal antisera to 2 
peptides deduced from this potential ORF sequence to 
detect a putative small protein encoded by this ORF. 
With these antisera, immunofluorescence studies were 
performed on frozen sections of HCC tissue and on 
HepG2 and Hep3B hepatoma cell cultures transfected 
with the putative HULC ORF expression construct. In 
neither case was a positive signal identified. Moreover, 
HULC protein could not be detected by immunoblot 
analysis of extracts from HCCs expressing high levels of 
HULC RNA or from HepG2 cells transfected with a 
HULC expression construct (Figure SB). However, when 
the putative HULC ORF sequence was fused to the C- 
terminus of GFP or to a FLAG tag, the polyclonal anti- 
sera detected the peptide sequence in the fusion protein 
indicating that antibodies were able to bind to the pep- 
tides used for immunization. 



HULC Is Associated With Ribosomes of 
Carcinoma Cells 

The cytoplasmic localization of HULC was further 
confirmed by analysis of subcellular compartments (cy- 
toplasm, nucleus, nucleolus) with quantitative RT-PCR 
In line with the results obtained by ISH, the highest 
concentrations of HULC were detected in the cytoplasm 
(data not shown). Because 2 previously described human 
cancer-related ncRNAs, H19 and BC200, were reported to 
be associated with ribosomes and to regulate transla- 
tion,25^7,28 we further investigated whether HULC RNA 
also localized to the ribosomes. Analysis of RNA isolated 
from the ribosomal fractions by gel electrophoresis (Fig- 
ure 6A, fractions 6-18) and quantitative RT-PCR analysis 
of RNA extracted from ribosomal preparations (Figure 
SB) revealed a predominant presence of HULC RNA in 
the ribosome fraction. 

siRNA'Mediated Knockdoum of HULC in the 
Hepatoma Cell Lines Hep3B and HepG2 

To obtain a first insight into a possible role of 
HULC in hepatocellular carcinogenesis, the effect of 
siRNA-mediated knockdown of HULC expression was 
investigated in 2 hepatoma cell lines by genome-wide 
transcriptional profiling. For that purpose, Hep3B and 
HepG2 cells were treated for 24 hours with 2 different 
siRNA oligonucleotides (HULC siRNA 1 and HULC 
siRNA 2) targeting different sections of the HULC RNA. 
Two different negative control siRNAs (scrambled HULC 
and a nonsilencing control) were included in this exper- 
iment to monitor the specificity and efficiency of HULC 
knockdown. Furthermore, siRNA to lamin A + C was 
used as positive control and for optimization of the 
transfection procedure (data not shown). RNA from 2 
biological replicates of these experiments was subjected 
to quantitative RT-PCR for quantification of HULC 
knockdown (Figure 7). Knockdown efficiencies of 67% 
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Figure 7. Efficiency of siRIMA-mediated HULC knockdown in the 
Hep3B and HepG2 hepatoma cell lines. Cells were treated with 2 dif- 
ferent SiRNA oligonucleotides and 2 different control sIRNAs for 24 
hours. HULC RNA expression levels from 2 biological replicates were 
monitored by quantitative RT-PCR in triplicates, revealing the indicated 
knockdown efficiencies relative to the nonsilencing control (== 1). Error 
bars present the standard en-ors of mean (±SEM, n - 6). 'P < .01 , **P 
< .05 versus nonsilencing siRNA control (=1). Student's f-test. 
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Table 1. Significant ( P < ,05) Deregulation in Both Cell Lines with Both siRNAs Compared to Both Control siRNAs 
Acc. no. Gene name ^""^^'^^ 



Upregulation in HULC knockdown 

NM_013275.4 Ankyrin repeat domain 11 

NM_018294.3 CWF19-like 1. cell cycle control (S. pombe) 

NmI001260.1 Cyclin^lependent kinase 8* 

NM_001281.2 (^oskeleton associated protein 1 

NmIo05265.1 Yglutamyitransferase-like activity 4* 

NM_015710.3 Glioma tumor suppressor candidate region gene 2 

NM_017969.1 Hypothetical protein FLJ10006 

NM_199054.1 Lymphotoxin beta receptor (TNFR superfami!y» member 3)* 

NM_002342.1 MAP kinase interacting serine/threonine kinase 2* 

NM_182977.1 Nicotinamide nucleotide transhydrogenase 

NM.016122.1 NY-REN-58 antigen 
NmIo01009555.1 SH3 domain protein D19 

XMr498268 Similar to 60S ribosomal protein L23a 

NmIo20123.2 SM-11044 binding protein 

NM„003083.1 Small nuclear RNA activating complex, polypeptide 2» 45kDa 

NM_002999.2 Syndecan 4 (amphiglycan, ryudocan)* 

NM^013245.2 Vacuolar protein sorting 4A (yeast) 

NM_007152.1 Zinc finger protein 195 

NM_014941.1 Zinc finger, CW type with coiled<:oil domain 1 

Downregulation in HULC knockdown 

NM„017955.2 Cell division cycle associated 4 

NmIo18170.2 Hypothetical protein RJ10656 

NM_004549.3 NADH dehydrogenase (ubiquinone) 1. subcomplex unknown, 2 

AK025133.1 Nuclear ubiquitous casein kinase/cycllrvdependent kinase 
substrate 



Unclassified 
Unclassified 

Protein phosphorylation, cell cycle control, mitosis 

Protein folding, cell structure 

Amino acid metabolism, protein modification, 

proteolysis 
Tumor suppressor 
Unclassified 

Receptor-mediated signal transduction, T-cell 

immunity, Apoptosis 
Protein phosphorylation, hematopoiesis 
Oxidative phosphorylation 
Unclassified 
Unclassified 
Protein biosynthesis 
Transport 
Unclassified 

Cell adhesion, macrophage-mediated Immunity, 

skeletal development 
Protein metabolism/modification, protein 

targeting* vesicle transport 
mRNA transcription regulation, cell proliferation 

and differentiation 
mRNA transcription regulation, cell proliferation 

and differentiation 

Unclassified 
Unclassified 

Oxidative phosphorylation 
Mitosis 



Genes are grouped together with tiieir GenBank accession numbers ("Acc. no.') and annotated function according PANTHER^ 

«Genes that haTbeen described In the context of liver cancer. Significant (P < .05) deregulation in both cell lines with both siRNAs compared 
to both control siRNAs. 



and 90% were obtained for HULC siRNA 1 and 2 in 
Hep3B cells, whereas HULC knockdown in HepG2 cells 
was less efficient and reduced HULC expression by 53% 
and 73% compared with the respective nonsilencing con- 
trols. Importantly, an activation of the double-stranded 
RNA-triggered IFN-associated antiviral pathways did not 
occur under these experimental conditions, because the 
expression of the sensitive marker genes 2'-5'-oligoad- 
enylate synthetase and interferon-inducible transmem- 
brane protein was not affected (data not shown). 

For genome-wide transcriptional profiling, RNAs pre- 
pared from 2 biological knockdown replicates in Hcp3B 
and HepG2 cells obtained with the 2 different siRNAs 
against HULC and the 2 different control siRNAs were 
subjected to microarray analysis. Table 1 shows the list of 
genes that were significantly up- or down-regulated (P < 
.05) in HepG2 as well as in Hep3B cells compared to the 
2 controls. These genes- of which several have already 
been described in the context of liver cancer-fulfill dif- 
ferent biological functions. To explore possible common 
features, we searched for homologies between these se- 
quences and between HULC and these sequences (includ- 



ing the 5'-UTRs), which did not reveal any striking ho- 
mologies. 

Detection of HULC RNA in Peripheral Blood 
Cells ofHCC Patients 

In a pilot experiment, blood samples obtained 
from healthy volunteers (n = 9), patients with liver cir- 
rhosis (n = 10), and 4 HCC patients (n = 4) were tested 
by quantitative RT-PCR for the presence of HULC RNA 
in cells of peripheral blood. The HULC/p-actin ratios 
obtained for 3 out of 4 individual HCC patients revealed 
markedly increased concentrations of HULC RNA (Fig- 
ure 8): HULC expression levels in blood sample 1 were at 
least 10 times, in blood sample 3 at least 17 rimes and in 
blood sample 4 at least 30 times higher than in the pool 
of patients without any known liver disease. For 2 of the 
HCC patients (donors of blood sample 1 and blood 
sample 3), cryo-preserved, and paraffin-embedded tissue 
samples from surgically resected tumors and correspond- 
ing non-neoplastic liver tissue were available for a corre- 
lation of HULC expression in blood with HULC expres- 
sion in liver tissue. HCC areas were dissected from the 
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heatthy clrfhosis blood Wood bloody bloody 
control pool sample 1 sample 2 sample 3 sample 4 
pool 



Rgure 8. Detection of HULC RNA In cells of peripheral blood from 
HOC patients. Total RNA was extracted from peripheral Wood cells 
from healthy volunteers (= healthy control pool, n = 9), patients suffering 
from cirrhosis (^cirrhosis pool, n = 10) and HCC patients (=t)lood 
samples 1 -4) and tested for HULC expression by quantitative RT-PCR. 
Samples are plotted against the calculated HULC//3-actin ratios. Mini- 
mum increases in HULC expression of 10-, 17-, and 30-fold, respec- 
tively, were detected in blood samples of 3 out of 4 HCC-patients 
compared to non-neoplastic controls. Corresponding paraffin-embed- 
ded tissue samples were available from 2 of these patients (blood 
samples 1 and 3) for a con-elation of HULC expression in blood and 
tissue. Error bars present the standard en-ors of mean (±SEM). 



surrounding non-ncoplastic and cirrhotic liver tissue un- 
der the microscope and HULC expression levels in both 
samples were compared by quantitative RT-PCR. HULC 
expression in HCC tissue was 5 and 10 times, respectively, 
higher than in the surrounding non-neopiastic liver tis- 
sue (data not shown). 

Discussion 

Using an HCC-specific cDNA microarray plat- 
form, we identified HULC, a novel mRNA-like ncRNA, as 
1 of the most up-regulated genes in HCC. The levels of 
HULC RNA expression and up-regulation exceeded well- 
established, cancer-related genes analyzed in our study as 
well as those identified in other gene expression profiling 
studies.^-^2 Examples of such genes are the E2F targets 
proliferating cell nuclear antigen and histone 1, the pro- 
liferation-associated genes cyclin Dl, and c-jun, the he- 
patocyte growth factor receptor (data not shown), as weU 
as transforming growth factor alpha and glutamate-am- 
monia ligase, the latter being a target of the wnt-signal- 
ing pathway (Figure 1, See supplemental material online 
at http://pathologie.meduni-giazat/Pa£hologie/laboratori 
_fuer_molekularpathologie.htm).*2-36 Up-regulation of a 
HULC-related EST (UniGene Hs. 214343) in the Asian 
population was independendy described by Okabe et al 
in an earlier study,^^ indicating that HULC is not re- 
stricted to HCC in Caucasians, as investigated in our 
study. As such a striking expression pattern has not been 
reported for any other disease-associated ncRNA, we per- 
formed a detailed characterization of HULC. 

The characterization of HULC as an ncRNA is based 
on several experimental approaches and findings: (1) The 
HULC sequence does not dearly identify a substantial 



open reading frame, (2) in vitro translation did not gen- 
erate any detectable protein product, (3) polyclonal anti- 
bodies raised against a hypothetical HULC protein did 
not reveal a positive reaction in HCC tissues expressing a 
high level of HULC RNA, (4) neither prokaryotic nor 
eukaryotic protein expression systems were able to pro- 
duce a HULC-encoded protein, and (5) a protein was 
detectable with the antipeptide antibodies only if the 
HULC sequence was fused to the C-terminus and not to 
the N-terminus of GPP. A possible explanation why 
HULC is only translated as a C-terminal fusion protein 
was provided by structural analyses of HULC RNA using 
the mfold program (www.bioinfo.rpi.edu/applications/ 
mfold/old/ma/), which revealed pronounced secondary 
structures usually not found in translated mRNAs (data 
not shown). 

In this context it was also important to demonstrate 
the full length of the HULC cDNA. The size of clones 
obtained by different RACE protocols was compatible to 
the RNA length detected by Northern blotting. Further- 
more, cloning of HULC homologue genes in 3 Old World 
monkey species showed high conservation of the HULC 
sequence within the exons, but not in the further 5'- 
region and intron, which indicates the size and location 
of functional relevant domains within the HULC RNA 
(Figure 4). Evidence for the origin of the HULC gene is 
based on the findings that the first exon of the HULC 
sequence mainly consists of an LTR (MLTIA; mamma- 
lian LTR transposon lA).^^ We hypothesize that a mam- 
malian LTR transposon retroposed from an active mas- 
tergcne.^ Interestingly, a mouse homologue of HULC 
was not detectable; however, the sequences directly sur- 
rounding the HULC gene locus bear homologies to both 
mouse and rat syntenic chromosomes. This suggests that 
HULC has been created by retroposition approximately 
25 million years ago, before the Old World monkeys 
radiated from primates.^ As described by Brosius,^® ret- 
ronuons are frequently converted into regulatory ele- 
ments that may alter expression or processing of target 
genes.^^ A similar mechanism might be pertinent for 
HULC. The biological relevance of this region is further 
supported by the evolutionary conserved presence of 
CpG dinuclcotides. When genetic elements transpose, 
CpG dinuclcotides are most rapidly eliminated due to 
methylation of the cytosine. A conservation of the CpG 
sequence is indicative of a functional significance of this 
element (J. Brosius, personal communication, March 
2004). Furthermore, sequences comprising more than 2 
kb upstream of the HULC locus were analyzed for their 
CpG content involving the programs CpG plot, CpG 
Island Searcher, CpG report, and GrailEXP. However, 
these programs did not highlight the presence of typical 
CpG dinucleotides, which are targets for methylation, in 
the 5'-upstreara region, thus underlining the functional 
relevance of conserved CpG dinucleotides in the HULC 
sequence itself. 
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First clues about the function of HULC were obtained 
from siRNA-mediated knockdown of HULC in Hep3B 
and HepG2 cells, which resulted in a significant up- and 
down-regulation of several genes, some of which have 
already been described in the context of liver cancer. This 
indicates that there may not only be 1 single HULC target 
gene, but rather suggests a more general regulatory role 
for HULC. The association of HULC with the ribosome 
could provide a hint to its mode of action, as it is 
reminiscent of the localization of siRNAs, which have 
recently been found to be physically associated with the 
ribosome. At the ribosome, siRNAs form an SOS complex 
that is able to cleave targeted mRNAs and thus can act as 
translational repressors."** In contrast to such small 
ncRNAs, for which a localization to the ribosome has 
already been described^ and which have already gained 
interest as genetic elements actively involved in carcino- 
genesis, we describe HULC here as an example for the 
association of an mRNA-like ncRNA with ribosomes. 
Preliminary studies revealed no significant homologies 
between HULC and its putative target sequences, thus 
indicating that the effect of HULC on its targets may not 
be based on direct RNA-RNA interactions. Whether the 
mechanism by which HULC affects mRNA concentra- 
tions of targets constitutes a common regulatory princi- 
ple remains to be resolved. 

HULC expression was also increased in FNH, which is 
a benign liver tumor resulting from increased polyclonal 
proliferation of hepatocytes due to an uncharacterizcd 
proliferation stimulus.*^ Although FNH does not 
progress to HCC, there are several biological processes 
affected in FNH, which also play a role in carcinogenesis 
(ie, angiogenesis, alterations in cell metabolism, increased 
cell proliferation, activation of a precursor cell compart- 
ment, and tissue remodeling). The up-regulation of 
HULC expression in FNH consequcndy also correlates 
HULC expression with benign tumor-like lesions, sug- 
gesting that HULC contributes to modulation of gene 
expression already very early in tumorigenesis rather than 
being involved in the promotion of the highly malignant 
HCC phenotype. 

Unfortunately, because there is no mouse homologue 
of HULC, there are currently no in vivo models available 
to study this mechanism in more detail. However, the 
association of HULC with the polysomes and our knock- 
down data suggest a role of HULC in the post-transcrip- 
tional control of gene expression. 

The recent identification of new classes of ncRNAs 
implicated in important steps of cancer formation and 
progression reinforces the role of these transcripts in the 
process of tumorigenesis and suggests several potential 
targets for drug discovery and biomarkers for early diag- 
nosis. DD3, for example, is the most prostate cancer- 
specific ncRNA described,*^ and forms a very sensitive 
and specific marker for die detection of tumor cells.^o 
BCl is deregulated in breast cancer' and BC200 RNA 



overexpression was recently evaluated as a new molecular 
marker for a poor prognosis in breast carcinomas.''* In 
this context, the potential role of HULC as a novel 
biomarker is based on its striking expression pattern and 
underlined by the fact that HULC RNA can be detected 
in the blood of HCC patients and in corresponding tissue 
samples by RT-PCR.^^*^^ 
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